Due to a combination of government planning policies and market pressures in England in the period [2000][2001][2002][2003][2004][2005][2006][2007][2008], there was an increase in the construction of flats and high-density developments and a decline in the construction of houses. In this paper, an analysis of the effects of these policy constraints is undertaken. Using hedonic pricing models, we test for a non-linear relationship between house prices and residential density in England. Consumers prefer houses over flats and detached properties over semi-detached and terraced (i.e. lower density suburban areas). However, both low-density, detached-dominant areas and highdensity, flat-dominant areas attracted a premium over medium density areas and the relative size of these price differences vary between different housing market areas. In cities outside London, we consistently see a convex relationship between price and density, whereas a concave relationship between price and density is consistently observed in London. This suggests a different form of relationship between density and house prices in large urban conurbation areas, compared to more typical provincial cities. The conclusions we draw are that in the correct context, high density may be viewed positively but a single planning policy is not appropriate and it should be tailored to suit local market needs.
Introduction
British planning policy through the 1990s took a progressively stronger stance in favour of 'sustainability', which generally equated with policies promoting compact urban forms and, by implication, higher density. As a result of the combination of these policies and market pressures, densities of new residential development in England rose sharply in the 2000s. This raises questions about how desirable such a change is in terms consumer preferences but also a broader set of sustainability criteria, economic, social and environmental. This research aims to shed some light on both the drivers and the evaluation of policy. The relative value of homes in the market provides evidence of consumer evaluation of density, house type and related attributes, while also marking the relative profitability of different development mixes in different contexts. Hence, the aims of this research are to assess planning policy towards residential mix (type and density) and to draw out the implications of findings from hedonic house price models in respect of these variables. This paper will begin with a brief historical overview of planning policy treatment of mix and density and recent trends in actual development. A selective review of recent literature highlights key debating points and the evidence available to support them. The paper will then proceed to present an analysis of house prices, achieved through the application of hedonic pricing models, to provide evidence of consumer evaluation of mix and density. Finally, conclusion will be drawn regarding the choices and dilemmas which planners may face in different contexts.
An overview of planning policy in England
Planning policy throughout the 1990s took a progressively stronger stance in favour of 'sustainability', generally equated with more compact urban forms, mixed communities, mixed use and affordability. For example, Planning Policy Guidance Note 3 (PPG3): Housing (Department of the Environment [DOE] , 1992) introduced stronger policies on affordable housing and the re-use of brownfield land for housing, while still warning against 'town cramming'. Further, central government planning guidance (DOE & DTP, 1994) on transport set out the role of planning in reducing CO 2 emissions by managing travel demand, integrating land-use and planning and encouraging cycling, walking and public transport.
Meanwhile, the Joseph Rowntree Foundation (JRF) 'Inquiry into Planning for Housing ' (1994) recommended the re-use of urban land and increased urban densities, leading on to work by Llewelyn-Davies (1994) on urban capacity. The Government's 1994 'Sustainable Development Strategy' recommended more compact urban development. The 1995 Housing white paper, Our Future Homes: Opportunity, Choice, Responsibility (DoE, 1995) , set out a target of 50% of new residential development on brownfield land, subsequently raised to 60% in the 1998 document, Planning for the Communities of the Future (Department of the Environment, Transport and the Regions [DETR], 1998) .
The 1998 Social Exclusion Unit Report, 'Bringing Britain Together', proposed a greater policy emphasis on regenerating poor and rundown urban areas, and taken together with the Urban Task Force Report, Towards an Urban Renaissance (DETR, 1999a (DETR, , 1999b , this signalled a further emphasis on urban (re-)development. This was reflected in the third edition of (PPG3) (DETR, 2000) , which introduced a 'new' approach to land allocation/availability, based on urban capacity studies which (for a while) replaced traditional land availability studies. The emphasis was on the re-use of land in urban areas, using a sequential approach to identify potential sites assessed against a number of criteria. In addition to the 60% brownfield target, this PPG set out an overall density target of 30-50 dwellings per hectare (dph) and a parking maximum of 1.5 spaces per dwelling.
From 2003, the policy emphasis shifted again, paying more attention to overall housing supply and affordability issues, as encapsulated in the Barker (2003 Barker ( , 2004 Review. The Office of the Deputy Prime Minister (ODPM, 2003) Sustainable Communities Plan identified major growth areas and various funding mechanisms for land assembly and infrastructure. Revised planning guidance (PPS3) (Communities and Local Government [CLG] , 2006) promoted housing development which provides: high quality housing; a mix of both market and affordable housing (tenure, price and type); housing in suitable locations; and effective and efficient use of land, while maintaining the 60% target for brownfield land and the 30 dph national indicative minimum density.
In 2010, there was a change of national government and a general change in approach towards planning policy, with much less prescription of 'top down' norms and targets and much more emphasis on 'localism'. PPS 3: Housing (CLG, 2010) has been revised and the requirement that housing density should be at least 30 dph has been removed, although the requirement that at least 60% of new homes should be built on brownfield sites has been retained. However, the definition of brownfield has been modified to exclude domestic gardens. Essentially, density policy reverts now to being a matter of local policy discretion, as it was before 2000.
In summary, higher density and urban consolidation became a stronger focus for planning policy in England in the late 1990s and through the 2000s. Planning authorities were also encouraged to intervene more in prescribing housing mix in terms of tenure (and affordability) and in terms of type mix. Total land supply was de-emphasised from 1998 to 2003, but re-emphasised thereafter. However, 2010 has seen a significant retreat from national policy prescription in planning in favour of locally determined policies.
Density trends in new development
We would expect actual density and mix of new housing to have responded to these increasingly strong policy measures, but would also expect them to reflect on changing market pressures and incentives. Figure 1 and Table 1 describe recent trends in residential density in England, based on the Land Use Change Statistics (LUCS). These show a sharp increase from about 2001, tending to level off after 2004. It also shows that the density level tends to be higher on brownfield land and Alonso, 1964; Mills, 1972; Muth, 1969) . Nevertheless, Figure 1 also underlines that density has increased markedly since 2000 within both categories of land. Table 1 presents a detailed descriptive analysis of the patterns of density and the share of flats in new private housing developments, based on combining ward-level data from the Census, Land Registry and the Emap-Glenigan housing sites database.
1 Wards with no new private building and no sites data are omitted. The first column shows the rate of new private building and the second shows the net dwelling density of new private housing sites, which may be compared with existing gross density in the next column. The proportion of new flats is shown for two recent time periods and compared with the existing share of flats. Provision of more flats is clearly a key corollary of building at relatively high densities, as is confirmed by the data in this table.
New private build densities averaged 69 dwellings per ha net, which is 2.9 times the existing (23.8 dph) gross density. The relationship between new build net density and existing gross density applies in all categories, but to varying degrees; relative intensification appears to be greater in the least dense areas, but these are likely to be wards containing open land and other land uses. Densities obviously peak in Central London and other city centres.
Nearly half (in percentage of units) of the recent new private buildings has been flats and this is on an increasing trend in this period. Flats obviously take a higher share in denser and more urban locations, and the proportion of new flats exceeds the existing proportion of flats in all areas. As noted by Jones, Leishman, MacDonald, Orr, and Watkins (2010) , whether such a high proportion of flats is desirable or economically sustainable is one of the questions raised by these trends.
The trends revealed in Table 1 may not of course be solely due to planning policy. Just as cross-sectionally within cities higher housing and land values lead to higher densities, so it may be that over time as the market became more overheated in the 2000s some of the change in density and mix was simply a normal market reaction to high land prices. However, the timing of the very sharp upward movement in 2000-2004 suggests a response to the strong policy initiatives of 1998-2000, rather than what should have been a smoother, more gradual response to rising prices. It can also be argued, as in the wider literature on 'growth controls' and the impact of general planning restriction, that the overall restriction of land supply will lead to higher prices and densities (Cheshire & Sheppard, 2002; Evans, 1991; Glaeser, Gyourko, & Saiz, 2008; White & Allmendinger, 2003) and again there is some evidence that this restriction became tighter in the same period (1998) (1999) (2000) (2001) (2002) (2003) (Bramley, 2007) .
Overall, linking trend data to the policy evolution, one can say that the policies of the late 1990s and 2000s -brownfield and urban emphasis and higher densities -have been successfully achieved. Indeed, having regard to evidence to follow, it might be argued that they have been over-achieved.
Density and consumer preference
Density is an aspect of urban form that has received a considerable amount of attention in the literature with regard to its social impact, as in the 'compact city' vs. 'sprawl' debate (Barton, 2000; DETR, 1999b; Ewing, 1997) and in the related 'new urbanism' literature (Calthorpe, 1993 ; Congress for the New Urbanism, 2004; Katz, 1994) . The density of urban development has the potential to impact upon all of the dimensions of society. For example, higher densities may make access to services and facilities both easier and more economically viable (Bunker, 1985; Burton, 2000; Collie, 1990; Haughton & Hunter, 1994; ODPM, 2003) . Higher densities may also mean that people are more likely to have greater social contact than in lower density areas (Duany & Plater-Zyberk, 2001; Talen, 1999) .
There are, however, alternative arguments that, in higher density societies, people may withdraw from social contact and experience stress (Bridge, 2002; Freeman, 2001; Simmel, 1995; Wirth, 1938) . The density of development may also affect the appearance and aesthetics of places, and hence people's sense of attachment to and pride in place, although it is far from clear whether this relationship is positive rather than negative (Audirac & Zifou, 1989; Diamond & Noonan, 1996; Nelessen, 1994; Shore, 1995; Transit Cooperative Research Program, 1998) . Gordon and Richardson (1997) argue that, given the choice, people prefer lowdensity suburban living, as confirmed by consumer preference surveys. This is a theme that has continued throughout the 2000s from subsequent surveys. For example, a study by JRF in 2004 found that people preferred houses to be built in their area rather than flats and that the type of housing people most disliked was blocks of flats of four or more storeys (Platt, Fawcett, & de Carteret, 2004) . A survey commissioned by the Commission for Architecture and Built Environment (CABE) found that over half of the respondents surveyed would prefer to live in a detached house and only 3% of the population would wish to live in either a low-rise or high-rise flat. Parkes, Kearns, and Atkinson (2002) found that households living in highdensity forms of housing were 25% more likely to be dissatisfied with the neighbourhood they lived in. found that more dense (compact) urban forms, and their associated housing types, tend to be associated with poorer outcomes in relation to dissatisfaction with the neighbourhood and with the incidence of neighbourhood problems, with similar findings from a special survey in Bramley, Brown, Dempsey, and Power (2009) . Evans and Unsworth (2012) present survey evidence from the city of Leeds, UK. The study indicates that there are benefits from occupying a flat within a high-density environment, such as affordability and access to amenities, to mainly younger households. However amongst this group, city centre living is seen as temporary and there is a strong desire by many to move to a suburban or small-town family property.
Using hedonic pricing theory, a few recent studies examine the impact on house price of design, layout, land-use mix and density. These studies are primarily centred on US case studies and examine aspects of New Urbanism and Smart Growth. Tu and Eppli (1999) compare a single housing development that embodies principles of New Urbanism to surrounding developments that do not. While they find that houses in the New Urbanism development sell at a significant premium, their approach does not yield much insight into how each of the New Urbanism neighbourhood characteristics, that is greater density, mixed uses and street configuration, contribute to this price premium. Song and Knapp (2003) disaggregate the features of new urbanism and find that they are often capitalised into residential house prices. The study finds that residents in Portland, Oregon are willing to pay premiums for houses in neighbourhoods with more connective street networks; better pedestrian accessibility to commercial uses; more evenly distributed mixed land uses in the neighbourhood; and proximity to public transport. However, relevant to our research, they also find that residents are willing to pay less for houses in neighbourhoods that are dense, contain more commercial uses and are multi-family homes (flats). Matthews and Turnbull (2007) also test features of the New Urbansim, specifically neighbourhood composition and street layout, and find that it does not necessarily have universal appeal to house purchasers. With regard to density, they draw similar conclusions to Song and Knaap (2003) . The limited empirical evidence, therefore, suggests there is an inverse relationship between house prices and density.
Case study areas and data
We have a priori selected five case study areas in England to estimate hedonic models to assess the relationship between house price and density. These case study areas were selected so as to provide data with the necessary variation in terms of dwelling density, housing-mix geographic location, economic prosperity/diversity and size of metropolitan area. Leeds, Nottingham and Southampton were selected as typical provincial cities at different geographical areas. Two case studies were chosen from London. Data and estimation issues did not allow us to estimate a model for the whole of London. Hence, London North East and 2 London South West 3 were selected as typical examples of containing relatively low-and highincome households, respectively. This enables models to be fitted separately to different functional urban areas, where differing market conditions may mean that particular attributes are valued differently (Day, Bateman, & Lake, 2007) .
The data requirements of a hedonic model include a large and sufficiently diverse sample of housing transactions such that all attributes are observed and in different combinations and quantities. Such attributes would include physical, location, neighbourhood externalities and tenure as well as dwelling type, mix and density.
This study uses the Regulated Mortgage Survey (RMS) house price data-set, launched in 2005, based upon lenders providing a copy of their statutory product sales data submitted to the Financial Services Authority regulator in about 90% of mortgaged sales. We use data on house prices, basic housing characteristics and location for 2008-2009, giving a sample for the five case study areas of 27,460 transactions. This data-set has been matched to 2001 census data to provide a series of socio-economic indicators for the immediate neighbourhood, including house type mix, household and dwelling density. These are generated and attached at the level of smallest UK census geography, the census output area (COA). 4 Using GIS software additional accessibility and land use variables have been added. A detailed data description is provided in Appendix 1. With the exception of the inclusion of a variable indicating whether the property is newly built, an obvious limitation of this data is that it does not contain information about the age of the house. Dwelling density often reflects particular periods of construction, and therefore we would except in some cases property age to correlate with dwelling density. Rosen's (1974) two-stage hedonic pricing approach was an important theoretical contribution that has become the cornerstone of most empirical work on housing markets. In the first stage, using data on house prices and characteristics, the hedonic price schedule is estimated, from which implicit marginal prices for housing characteristics are calculated (Nelson, 2008; Thanos, Bristow, & Wardman, 2012) . However, as noted above, these implicit prices are market-specific, reflecting only the particular situation of supply and demand that exist in a given property market. We are estimating the first stage hedonic pricing schedule, reporting marginal prices of housing characteristics. The first stage hedonic price function (P) of a composite commodity, housing in this case, may be written as:
Hedonic pricing models
where Z = [z 1 , … , z m ] is a vector of utility-bearing characteristics and d is dwelling density in the area. The slope of the hedonic price (HP) function can be used to determine the consumer's marginal willingness to pay for a given characteristic, since in optimum it equals her marginal rate of substitution between that attribute and any of the other housing characteristics (Andersson, Jonsson, & Ögren, 2010; Rosen, 1974) . Nothing in economic theory suggests that the relationship between house price and density is linear or constant across different urban areas; yet, we find no empirical evidence in the literature aptly demonstrating non-linearities. In this paper, we explicitly test this and we find that non-linear, quadratic, relationships between house prices and density fits the data best. 5 We estimate the following econometric model across each of the study areas:
where LnP is the natural logarithm of the price for dwelling i in the jth housing market. Z is a vector of the structural characteristics of the house i. Γ is a vector of the neighbourhood socio-economic characteristics. d is the dwelling density corresponding 6 to house i. X is a vector of the remaining environmental, accessibility and spatial characteristics of the dwelling. T is a time dummies indicator matrix to control for the nominal aspect of sales prices and c is a vector of parameters capturing this nominal price evolution. This latter feature controls for differences in the composition of the sample in each time period (Wooldridge, 2002) , as well as for temporal heterogeneity (Dubé & Legros, 2011) .
The full results of the quadratic model are reported in Table 2 below. The models produce an adjusted r 2 ranging between .53 and .73 and the control variables generally fall within a priori expectations.
Some of our data, especially the neighbour socioeconomic characteristics and dwelling density, do not refer to individual house sales, but rather to COAs. Therefore, we employ clustered (across COAs) robust standard error estimation in our models, relaxing the independence assumption in OLS by requiring only that the observations be independent across the clusters (Rogers, 1993) .
Results

Housing and neighbourhood characteristics
As would be expected, areas dominated by more affluent households, proxied by social grouping and car ownership attract a premium, whereas areas with high unemployment do not. Where significant (Southampton and Leeds), areas with large student populations also attract a price premium; although this will presumably be due to demand from investors within the buy-to-let market. Results regarding ethnic dominance are generally inconclusive. Within Leeds new built properties attract a premium, whereas in London they do not. The results for Nottingham and Southampton are statistically insignificant. Ethnic mix is only statistically significant within NE London.
The results relating to distance to the nearest town centre are mixed. Nottingham and London indicate a significant negative relationship that is consistent with conventional urban economic theory, whereas Leeds and Southampton indicate a significant positive relationship. However, where the gradient is positive or negative, the price gradient is very shallow. One potential explanation observed by Fellmann, Getis, and Getis (2003) is that the structure and geography of many metropolitan areas and their housing markets does not, in today's conditions, conform to a concentric zone model where distance to the centre is an essential feature.
Focusing on the regression coefficients relating to house type, bungalows and detached properties sell for more than our base category of a semi-detached house (as indicated by positive coefficients) and terraced and flats sell for less (as indicated by negative coefficients). This accords with a priori expectations and is consistent with previous consumer surveys and other hedonic house price studies.
Dwelling density and house mix
Dwelling density is statistically significant across all study areas, although different urban areas display quite different relationships. The results imply that high density is not necessarily negative, as often indicated by previous studies, and depends upon the prevailing density in a particular location. This is illustrated graphically in Figure 2 , which illustrates the mean price density relationship.
In cities outside London, we consistently see a convex relationship between price and density. In lower density levels, price is decreasing with increasing density reaching a minimum after which the relationship is positive and price increases with increasing density. These minimum points are 82 dph for Leeds, 61 dph for Nottingham and 41 dph for Southampton.
Conversely, a concave relationship between price and density is consistently observed in London. It is stressed that in the linear model specification, the density coefficients were not at all statistically significant and only reached significance with the inclusion of the quadratic term. This suggests a different and more complex form of relationship between density and house prices in such a large urban conurbation, compared to more typical provincial cities. Prices in London increase with increasing dwelling density up to a maximum point of 74 dph for London NE and 182 dph for London SW, after which the price density relationship becomes negative.
We include in the models variables that capture the dominant house type in each area. These variables produced interesting results, illustrating that certain perceptions of which area is more expensive are not straight forward and have a distinct local element. With the exception of Leeds, areas dominated by detached properties attract a premium, whereas, terraced areas and semi-detached dominant areas do not. Flat dominated areas also attract a premium. This is might seem counterintuitive but it could be consistent with more expensive land/living space in central Figure 2 . Mean house price levels at different levels of dwelling density across all case study areas. urban areas dominated by flats. Detached dominant areas tend to be located within the suburbs and flat dominant areas within city centres. Both are attractive to different households depending on their lifestyle preferences. Table 3 attaches monetary values to the dominance variables. For example properties in a Southampton detached dominant areas attract a premium of approximately £13,000 by comparison to those in an area with no house type dominance.
Overall, we consider the hedonic results to reasonably reflect a priori expectations with regard to characteristics and location. Most significantly the analysis demonstrates a complex non-linear relationship between house price and density.
Conclusions and implications
With regard to building density, planning policy in England took a progressively stronger stance in favour of 'sustainability' after the mid-1990s, and this was generally equated with policies promoting compact urban forms and higher density. As a result of this policy in combination with booming market conditions, densities of new residential development in England rose sharply in the early 2000s, as represented by a significant shift from the construction of houses to flats. Following the financial crisis and recession after 2007, there has been some reduction in the share of flats and in densities, while post-2010 planning policy is less prescriptive and leaves density and mix more to local choice.
Nevertheless, this experience raises questions about how desirable a policy of promoting particular density levels is from the perspective of satisfying consumer preferences, and whether it is in some ways in conflict with the operation and/or the signals provided by the housing market. Despite the perceived benefits of high density living promoted in literature around 'new urbanism' and sustainability, evidence from consumer and social surveys suggest that high density urban forms are less desirable in themselves and in terms of some of their associated characteristics.
In this paper we apply hedonic pricing models to determine the statistical relationship between price and a series of explanatory variables, relating to both the individual dwelling and to its location and immediate surroundings, including measures of mix and density. The model of house prices applied across five case study areas reveals the following results. First, in some markets there is a premium for both lower and higher density options, whereas in other cases (in London) the premium is for medium-high or high density. Second, consumers prefer houses over flats and detached properties over semi-detached and terraced (i.e. lower density suburban areas). Third, both low density, detached-dominant areas and high density, flat-dominant areas attracted a premium over medium density semi-detached and terraced areas. Fourth, the relative size of these price premia or penalties for different type mix and density characteristics varies between different housing market areas. For example, the penalty from higher density was less marked in London than in the other provincial cities examined. These conclusions must be tempered by the absence of an age variable in the regression analysis so that density preferences particularly in London may relate to the vintage of the housing stock.
While it would be unfair to characterise the policies of the early 2000s as being only about building high-density flats on brownfield urban sites, there was a perception that that was the main preference and this contributed to the marked shift in provision in this period. The evidence from this study suggests that such an exclusive emphasis would not serve well in meeting the preferences of a wide range of consumers and suggests that policy guidance should recognise local variation and the need for diversity within a market area. The post-2010 planning framework, with its emphasis on locally determined planning policies, could be seen as in tune with that conclusion.
While recognising the data limitation of this analysis, we consider the modelling results reasonable and a step towards understanding the interaction between prices and housing density. Most significantly, the analysis demonstrates a non-linear relationship between house price and density and highlights a more complex form of relationship in the expansive London area, compared to typical provincial cities.
However, it does appear that more sophisticated measures of accessibility to urban amenities and inclusion of property age might improve the specification of the model. Also, while we demonstrate differing price/density relationships between housing markets, the relationship may vary significantly within housing markets, and therefore there may be a case for examining the effects of density at the housing sub-market level. Leishman (2009) argues that the housing sub-markets hypothesis is relevant to housing and planning policy in that there may be differential impacts of spatially and non-spatially targeted policies within a local housing market. Unfortunately, the level of spatial disaggregation in our data-set is not sufficient to properly account for this. COA's are the smallest unit for which UK census data are published. They contain at least 40 households and 100 persons (the target size being 125 households) and built up from UK postcode blocks with the intention of standardising population sizes, geographical shape and social homogeneity. 5. Akaike information criterion and Bayesian information criterion show the quadratic dwelling density producing better fit to the data than the linear specification across all study areas. The likelihood ratio tests in all cases exceed the critical χ 2 value, rejecting at the 99% level the null hypothesis that the extra constraint (quadratic density) is equal to zero. 6. It is the dwelling density for the census output area of each house in our data.
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